Spectral analysis of a tremor record can sometimes produce a spectrum with multiple components of significant amplitude. The problem is to determine whether the presence of several peaks represents the coexistence of separate tremor mechanisms or be a consequence of fluctuations in the frequency or amplitude of a single tremor. The spectrum of a tremor whose frequency or amplitude vary and are independent has the recognisable pattern of a central carrier frequency with sidebands of equal amplitudes distributed symmetrically around the carrier. However, if tremor amplitude and frequency fluctuate and are not independent, (frequency proportional to amplitude or frequency inversely proportional to amplitude), the spectrum has a pattern of sidebands which are asymmetrical in amplitudes and may resemble the spectrum of the combined signal from different independent oscillators. The investigation of sidebands in spectra has been neglected in tremor studies and multiple irregular peaks on a tremor spectrum have sometimes been used wrongly as evidence for the coexistence of multiple tremor mechanisms or frequency components assumed to be concurrent.
As early as 1904 Gordon Holmes recognised that individual types of tremor, such as the rest tremor of Parkinson's disease or cerebellar action tremor, appear to be relatively fixed in frequency and speculated that the frequency of a tremor is specific to its pathophysiological origin.' In contrast to frequency, the amplitude of tremor and the shape of the tremor are subject to wide fluctuations. In recent times, precise measurement of the characteristics of tremor, including frequency, has become widely available through spectral analysis which has been used to quantify tremor in clinical trials or as the bases of arguments concerning the nature of tremor mechanisms. Unfortunately, the results of spectral analysis can be as complicated in themselves as the raw tremor records. We draw attention to the problems of interpreting spectral analyses of tremor records and in particular to the circumstances under which multiple peaks may appear in tremor spectra.
Nature of the tremor record: amplitude and frequency modulation
Tremor is an approximately sinusoidal oscillation of a part of the body. The amplitude of the oscillation may fluctuate and this is termed amplitude modulation "AM". The frequency of the oscillation also varies. This is termed frequency jitter in physiology but here we will use the universal term frequency modulation "FM". The tremor waveform may be distorted, "harmonic distortion", which arises, in part, because of mechanical factors, and in part reflects the specific intensity and sequence in Wvhich various muscles are activated during the tremor cycle. These characteristics are illustrated in fig 1 Frequency modulation and FM spectra: Tremor varies in frequency about a typical centre frequency termed the "carrier frequency".
The way in which the frequency varies can be described by a waveform, which can be regular or irregular, and is termed the "baseband signal". The spectrum of this signal consists of a peak at the carrier frequency of the tremor and equal amplitude "sidebands" which are frequency components equally spaced above and below the carrier frequency. The greater the variability in frequency ofa signal, the more sidebands are produced. For example, the frequency of Parkinsonian postural or rest tremor varies within narrow limits of + /-0-5 Hz which produces only two important sidebands.
If the frequency of a tremor signal varies slowly over time (implying that the baseband signal is low frequency) the sidebands merge with the peak of the carrier frequency as shown in fig 3. If the tremor jitters, for example, fluctuates in frequency in two second epochs (05 Hz), then distinct sidebands appear on the spectrum spaced 0-5 Hz above and below the carrier frequency giving multiple peaks in spectrum. Important to the present argument is that the spectra ofboth the FM signal and the AM signal are the same except that the FM signal has a phase shift of 1800 in the lower sideband. This is shown by the downwards direction of the lower sideband of the FM spectra in fig 2 ( frequency components of which some may be sidebands and others, independent frequency components. In contrast, spectra of "red nucleus" tremor2 or ocular tremor6 (pendular nystagmus) show little FM or AM. It is not certain whether these suggestions are correct as the spectra are ambiguous (compare fig 5A,  fig 6) . 
Discussion
The spectrum of tremor originating from a single oscillator can show multiple peaks of significant amplitudes. This has implications for tremor analysis and measurement. The presence of two peaks in the tremor spectrum has been used as the basis for the argument that two separate tremor mechanisms are present.4 Since multiple peaks can be caused by simple variations in frequency and amplitude, the spectrum alone cannot suffice to 25 Hz support this argument and decisive evidence has to be sought elsewhere in the behavioural, pharmacological and physiological responsiveness of the various components of the tremor signal. The spectrum of two simultaneous tremors will have two peaks as in fig 6 and it may not be possible to decide whether the second peak is a sideband or not. Clues as to the presence of sidebands is that the multiple peaks, irrespective of amplitude, are all spaced in frequency equally above and below the 
Little attention has been given to the multiple frequency components found in tremor spectra when measuring tremor amplitude, and authors have tended to take tremor amplitude as that of the dominant peak of the spectrum. A more suitable measurement of amplitude is the total power content in all significant frequencies of tremor present (see fig 5) . A simple measurement, which would suffice for drug trials, would be the root-mean-square (rms) amplitude of the tremor signal over the time period of measurement if precautions are taken to exclude significant amounts of nontremulous movements. To build up a representative picture oftremor events it is unlikely that less than an average of 10 spectra would suffice. For the parameters of analysis used in the calculation of the spectra shown in this article 20 averages were required before a stable picture emerged. It is important that the rate at which the tremor signal is sampled must be high enough to resolve the highest frequency components of the motion and similarly that the number of samples acquired must be sufficient to detect the lowest frequency present in the modulating signal.
The nature of the tremor mechanism and the origins of amplitude and frequency variations and harmonic distortions are unknown. Thus attempts to start or stop a tremor in some way or entrain the tremor to some external perturbation (that is "resetting" or "driving" the tremor) might be influencing, to a greater or lesser extent, different parts of a rather complex and possibly widely distributed mechanism. A tremor will appear to be strongly influenced by a resetting stimulus only if the stimulus resets the primary oscillator and also establishes a constant period and amplitude for the ensuing tremor cycle. If ... equ 3 For brevity the formation of the sidebands in the spectrum of a signal of this form is shown in graphical form (fig 2) .
